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ABSTRACT OF THE DISCLOSURE 

A process lor ihc permanent destruction of unwanted human hair. Hair duct in a section of skin 
in winch the unwarned hair is growing is contaminated with contaminant comprised of a very 
large number of small particles having a high absorption at at least one frequency band of light. 
The skin section is then illuminated with a scries of short pulses of light at the frequency hand of 
high absorption, the first of said short pulses having sufHrif m :r.f my to cause a large number of 
the particles tu explode into two or more fragments so as to spread said contaminant in said huir 
ducts and subsequent pulses having sufficient energy to cause a large number or the fragments to 
further explode into additional fragments to further spread the contaminant in the hair duct, the 
explosions and energy transferred to and from said particles and fragments causes damage to skin 
tissue surrounding said hair ducts so as to cause death to the hairs growing in the ducts. In a 
preferred embodiment the particles ore I micron graphite panicles and each section is 
illuminated with about 5 laser at 1.06 micron wavelength produced by a Nd:YAG laser, 
each pulse having an energy density of about 3 Joules/cm* and a pulse width of about 10 nano 
seconds. 
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IMPROVED IIAJR REMOVAL METHOD 



BACKGROUND OF THE INVENTION 

The principal methods presently used for hair removal in vols e the use of electrolysis techniques. 
These techniques involve somr. pain, arc time consuming, and demand a fnir degree of expertise 
in their application and normally do not guarantee a permanent effect, 

Laser use in medicine is well known. For example, lasers ore used in surgery for both cutting 
and cauterization. Lasers have been used for many years for removing tattoos imrltr the surface 
of the skin. In this case a loser beam penetrates the skin and is absorbed by and destroys the Ink 
particle. A similar procedure has been used for years to remove birth marks where the laser is 
matched to an absorption peak of the erythrocyte's hemoglobin in the tiny capillaries under the 
skin to destroy the capillaries. 

The prior art of hair removal also includes attempts at removing hair with laser beams. Three 
such techniques are described in the following United States patents: Wcissman ct. al., Method 
for Laser Depilatiun Device and Method, Patent No. 4,388.924; Sutton. Depilation Device and 
Method, Patent No, 4,617,926: and Mayer, Depilation by Means of Laser Energy. Patent No. 
3,538.919. All of these devices and methods teach the removai of hairs one hair at a time with a 
narrowly focused laser beam. Therefore, they are relatively inefficient and time consuming. A 
recent patent by Zaias. Patent No. 5,059.192 issued IG/22/91 discloses a process for using a laser 
beam matched to the melanin found at the base of the hair follicle and papilla. 

It has been known for at least 20 years in the medical profession that selective absorption of laser 
radiation can sometimes be enhanced by the technique of staining pathological tissues with 
various vital dyes. (See Goldman U.S. Patent No. 3,769,963). 

in the graphite form of elementary carbon, each carbon atom has three near neighbors and a fourth 
neighbor at a considerably greater distance away, the two lengths being 1.42 A and 3.42 A, 
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respectively. MO.000 angstrom equal I micron.) The network of the three nearest neighbors is 
planar and extends in the two directions of the plane to the boundaries of the solid. The binding 
forces between the planes arc weak and the planes can slip past each other very readily. For this 
reason, graphite can be used as a lubricating material. Thin layers of graphite can he removed by 
abrasion and this property is exploited in the ordinary lead pencil in which motion of the graphite 
rod over paper causes thin layers of the solid to be nibbed off and spread on the paper. For many 
years laser workers have used paper thinly coated with small particles of graphite to examine the 
cross section power of certain laser beams. The energy of many laser beams is readily absorbed 
by the carbon panicles and many of the panicles react violently exploding off the paper and 
leaving "footprints" on the paper representative of the cross sectional power distribution of the 
laser beam. 

What is needed is an improved hair removal process that will provide solutions 10 the above 
desenbed problems. 

SUMMARY OF THE INVENTION 

The present invention provides a process for the permanent destruction of unwanted human hair. 
Hair ducts in a section of skin in which the unwanted hair are growing is contaminated with a 
cuntaminant comprised of a very large number of small panicles having a high absorption at at 
leust one frequency bond of light. The skin section is then illuminated with a series of shon 
pulses of light at the frequency band of high absorption, the first of said short pulses having 
sufficient energy to cause a large number of the panicles to explode into two or more fragments 
so as to spread said contaminant in said hair ducts and subsequent pulses having sufficient 
energy to cause a large number of the fragments to funher explode into additional fragments 10 
funhcr spread the contaminant in the hair duct. The explosions and energy transferred to and 
from said panicles and fragments causes damage to skin tissue surrounding said hair ducts so as 
to cause death to the hairs growing in the ducts. In a preferred embodiment the panicles are I 
micron graphite particles and each section is illuminated with about 5 laser pulses at 1.06 micron 
wavelength produced by a Nd:YAC laser, each pulse having an energy density of about 3 
Jou!e</cm 2 and a pulse width of about 10 nano seconds, in a further aspect, a kit 
comprising a laser and a container containing a suspension of carbon or 
iron particles in oil is provided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

PIGS. I A through II shows how graphite panicles are fragmented under certain short pulse laser 
illumination. 

FIGS. 2A through 2E shows the graphite particles at various stages of fragmentation during a 
preferred process of hair removal. 

FIGS. 3A through 3C shows nn experiment with turkey skin, egg white, u partially contaminant 
hair and a laser beam to demonstrate some of the elements uf the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Slower Heating of Carbon 

Patent No. 5,226.907 issued on July 13. 1993 to Applicant discloses a hair removal process in 
which hair ducts in human skin are contaminated with a carbon-oil suspension. In the disclosed 
process the suspension is rubbed on the skin so that a portion of the suspension infiltrates into the 
hulr ducts. In that process the surface of the skin is then cleaned leaving the hair ducts 
contaminated with the carbon-oil suspension. The skin section is then illuminated with a pulsed 
laser beam which heated the suspension to temperatures of greater than 70-80° C which destroys 
tissue adjacent to the carbon-oil suspension. The destruction of this tissue which nourished the 
hair in the duct causes the hair to die. 

The process disclosed in this existing patent of mine works well; however, some problems have 
been experienced with it. One difficulty we experienced was that even with much massaging and 
even using ultra-sound devices we were often not able to cause the suspension to infiltrate deeply 
into the hair duct. The result is thoi the only destruction of skin tissue was that near the upper 
part of the duct. Tissue near the bottom of the duct continued to feed the hair and therefore the 
hair in some of these cases did not die. Another problem with the disclosed procedure was that it 
was difficult for the doctor to know exactly which areas of the skin had been treated and which 
had not. Therefore, some sections received more illumination than necessary and some received 
either none or less than that which was needed for i successful treatment. 

Laser Reaction with Carbon 

An extremely Important aspect of this Invention is the reaction of carbon panicles to exposure to 
very short high energy pulses of laser radiation. This reaction Is depleted in FtOS. I A through 
II. These figures depict a one micron particle held in place with transparent tape between two 
microscope slices and Irradiated with a Nd: YAO laser beam. 
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In FIG. IA a I micron panicle is depicted being illuminated with a single laser pulse. The pulse 
.s assumed to be produced with a Nd:YAG laser. The energy in each pulse is about 1.5 joules. 
The cross sectional area of the pulse beam is 0.5 cm* so that the fluence {energy density) of the 
pulse is about 3 W. The pulse is very shon. The temporal width of the pulse at onc-half 
max.mum power is about 10 nanoseconds so that the peak power (pulse energy/pulse width) is 
about ISO megawatts. (By comparison the power output of a large nuclear power plant is about 
1.000 megawatts but this is continuous.) The absorption coefficient of carbon for 1.06 micron 
Nd: YAG laser beam is very large. Essentially all of the beam is absorbed in a 10 micron layer of 
graphite. If we assume for a qualitative example a graphite cube I micron on each side, the 
energy illuminating the cube would be 3 x 10-» i. We assume that about 20 percent of the beam 
is absorbed in the first 1 micron. Therefore we estimate that the I micron panicles absorbs about 
0.6 x IO-« J. The volume of the cube is I x I0-' W- the density of graphite is about 2 gm/emJ 
and the specific heat of graphite is 0.507 J/gm C. Therefore, the heat required to heat the panicle 
from 25'C to the sublimation temperature of graphite, about 3.652 C is about 0.37 x I0» J. The 
heat of formation of carbon vapor from graphite at 25'C is about 6 x 10* J/gm: therefore, the 
energy needed to vaporize all of the 1 micron panicle is about 12 x I0 « J. Thus, the 
approximate 0.6 x 10-* J is absorbed almost twice that needed to heat the panicle to its 
vaporization point, but the energy absorbed is only about 5 percent of the energy needed to 
vaporize it. 

We have discovered that with these very short pulses of about 10 ns (he particles are not merely 
heated but much of the energy of the pulse goes into fracturing violently the particles into two or 
more fragments. We suspect that the graphite crystal is heated to over 3000*C and then easily 
fractured along its weak planes with these short high energy pulses. We believe we have very 
little evaporation. Our tests prove the violent fracturing. Subsequent pulses eontinue to have the 
same impact on the smaller fragment particles. Thus. FIG. 1A shows a one micron panicle 2 
about to be illuminated with a 10 ns 3 J/cm* fluence of 1.06 micron laser pulse 4. In FIG. I B a 
portion of the pulse is absorbed in panicle 2 causing it to fracture violently as shown in FIG. IC. 
The two panicles have sufficient energy to travel several microns through the sticky substance of 
the transparent tape before coming to rest at a new location in the sticky substance of the tape. 

We assume that the beam is a 10 Hz beam so 0.1 second later another pulse like the first one is 
coming along as shown in FIG. 10 and as shown in FIG. IE a ponion of the pulse is absorbed in 
both halves of the original panicle causing them to fracture violently as shown in FIG. IF. The 
process repeats as shown in FIGS. lO through II representing the 3rd pulse. For at least several 
of the subsequent pulses, we believe that ail of the fragment, of the original I micron panicle 
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will absorb on each pulse nboui the same amount of energy as was absorbed by the original 
panicle Afier 5 pulses (assuming a 2 for t split in each case) our initial one micron particles 
would nave split into 32 particles and the original panicles and all of its daughter panicles would 
have absorbed n total quantity of energy from the beam of about 6 X 6 X 10'* J or 36X10** J. 
Most ol this energy is very quickly dissipated in the form of heat increasing the cemperature of 
the tissue surrounding the hair duct. 

EXPERIMENT WITH SMALL PARTICLES 

In order to confirm the above description I have conducted experiments in which these small 
carbon panicles ore irradiated with pulses of the type described above. 

When a small number of one micron size particles ore placed In on enclosed glass viol in on air 
atmosphere and irradiated with pulses as described above. The particles ore continuously broken 
into smaller and smaller panicles and after about 10*15 pulses they vanish. I believe the very 
small particles are oxidized to form CO2. When the same experiment is conducted in an argon 
atmosphere the particle continues to break into even smaller ports until they are border line 
invisible to the unaided eye (i.e. about 0.1 to 0.05 micron). 

The above discoveries have lead to important improvements in my laser hair removal process. 

Footprint Denned 

I have discovered that instead of cleaning the carbon-oil suspension off the surface of the skin 
prior to the loser illumination; a better result can be obtained by leaving a thin film of the carbon* 
oil suspension on the surface. The first one or two pulses will cause essentially all of the 
particles on the surface to break apart violently leaving a clean spot on the skin surface exactly 
defining the footprint of the laser beam. Therefore there is no doubt which area of the skin has 
been treated. 

Scattering Particles FUI Duel 

(In air (he effect of the beam illuminating a thin film of our carbon-oil mixture is that the 
panicles are scattered widely, some to distances of more than one meter through he air.) A more 
important effect of the violent breaking apart of the small carbon panicle is that many of the 
scattered fragments will penetrate deeply into the hair duct during the first 3 or 4 pulses as a 
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result of ihc large amount of kinetic energy imparted to the fragments. Also the force of these 
tiny explosions imparls kinetic energy to unfracturcd panicles. During subsequent pulses these 
fragments will be absorbing energy from the pulse at locations deep within the duct. The effect 
is shown graphically in FIGS. 2A through 2E and is discussed in the subsequent section entitled 
Hair Removal Procedure." FIG. 2A represents I micron size particles before the first pulse. 
Note (he *izc of particles shown in FIG. 2A compared to the hair which has a diameter of 
roughly 30 microns and extends under the surface of the skin for about 2 mm (or 2000 microns). 

The space between the surface of the hair and the duct wall is a few microns (for example about 
3 to 20 microns) wide and Is normally filled with an oily film. 



Hair In Egg White Experiment 



FIGS. 3A. 3B and JC describe an experiment I performed in order to demonstrate elements of 
my improved hair removal process. Three layers of turkey drumsticks skin 10 was sandwiched 
between two glass microscopic slides. The thickness of the 3 layers of turkey skin was about 2 
millimeters (approximote depth of the bottom of human hairs). A single human hair 16 (one of 
my own) about 10 cm long was coated over a 3 cm section with a mixture 18 of I micron 
panicles of carbon and mineral oil (about equal mass). The hair was immersed In chicken egg 
white 14 contained In a small (3 cm diameter) viol 12. The drawing Is roughly to scale except 
the diameter of the hair and the cor bon-oll contaminant Is exaggerated. 

The hair including the coated section was Illuminated with 100 pulses of loser radiation from a 
Nd:YAOIase*. 



The following is a description of the pulsed loser beam: 

Wavelength 1.06 micron 

Energy per pulse 1.3 Joules 

Beam area 1/2 cm 2 

Energy density 3 J/cm* 

Frequency | 0 pu ljes per second 

Each pulse beam 20 passed through the slides and chicken skin with no apparent effect. The 
beacon also passed through the wail of the vioi and through the egg white. 

The beam was scanned over the hair so that each portion of the hair received about 3 pulses. The 
beam had no effect on the hair or the egg white except near the section of the hair which was 
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corned. In thai section, .he carbon in (he mixture absorbed sufficient energy from .he beam .o 
cook .he egg white immediately surrounding .he eoa.ed section of the hair. In this experiment 
we could watch the cooking process because uncooked egg is transparent. 

FIG. m shows the result of the firs. 10 pulses of beam 20 (about 3 pulses into the carbon) 
prong through the elements of this experiment. The only discernible effect of these pulses v , 
an ohv.ous heating and cooking of the egg white immediately adjacent to .he coated section of 
the hair. Some fragments of ihe particle were thrown off the hair but were trapped in the 
.mmedlate .surrounding egg white. The.se fragment, were further fragmented by subsequent 
pulses into very small fragments or oxidized. FIG. 3C shows the results of the 100 pulses. The 
egg while (issue in (he immediate vicinity of the coated section was cooked (o a thickness of 
about 500 micron. There was no damage discernible in eiiher (he turkey skin or anywhere else in 
the egg white or to the hair itself other than the coated section. These conclusions apparent to the 
unaided eye were checked and confirmed under a microscope. Only a very few , m «j| pu1 |eles of 
carbon remained. 

Hair Removal Process 

My improved hair removal process is presently undergoing clinical trials in two medical clinics 
one in California and one in New Jersey. The primary purpose of these trials is lo lest the safety 
and effectiveness of the process for removal of unwanted facial hairs, usually on (he chin or 
upper lip urea. 

Carbon Mixture 

In the process we use a mixture of one micron medical grade carbon (graphite) panicles and 
mineral oil. The ratio is about 1 to I per weight. 

AppUcallon of Mixture 

The hair in the to-be-treated Is cut with a barber clipper to about a length of about 5 mm from the 
skin surface. The mixture is applied to the area to be treated. The mixture is massaged Into the 
skjn with a cotton swab until the hair ducts in the to-be-treated aiea are infiltrated to an estimated 
depth of about 20 microns. This ,,age of the process is depicted in FIO. 2A. In addition to the 
mixture infiltrated in the hair duels, a thin film of the carbon-oil mixture (for example, about 100 
particles per cm*) is left on Ihe surface of the skin in the area to be treated. 
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Laser Illumination 

The area 10 be treated is «hen illuminated wi.h a pu | sed i Mer from a Nd:YAG laser. The 
beam specifications are as follow*: 

Wavel «"S<h , 1.06 micron 

Energy per pulse , . 5J<Hlles 

Beam area |/2cm2 

Energy density 3J/cm j 

Fre< ' uenc y 10 pulses per second 

The beam is scanned over the area to be treated with each section of the skin in the area receiving 
about 5 puhes. The first or second pulses clean the mixture from the skin , ur face by violently 
fracturing the carbon panicle, so that the doctor is certain which area has been treated As 
shown m HO. 2A. the initial application of the carbon-oil mixture a .esults in carbon particles 
betng deposited about 20 micron, deep in the duct. FIG. 2B represents the results of the first 
pulse 30 is shown in FIO. 2A. A Shockwave in the mixture spreads out the mixture for several 
microns. More important, the violent fragmentation of the panicles sends fragments through the 
duct. Additional pulses further fragment the panicle, and distribute the fragment, further down 
the duct. (RO. 2C show, qualitatively the di,.ribution of particle, after about 2 pul.es.) 
However, with each fragmentation, the panicle, get smaller (FIGS. 2D and 2E) and after about 4 
or 5 pulse, 30 through 36 the fragment, have essentially disappeared. Essentially all of the 
energy absorbed by the particle, and fragment, i, transferred to the skin tissue surrounding the 
ha.r. The net result i, depicted in FIG. 2E. This energy i, sufficient to devitalize the tissue 
fced.ng the hair so the hair dies. In FIG. 2A through 2E arrow 38 locate, the section of skin 
nssue damaged. Our biopsy tests indicate the thickness of the damages sections range from zero 
to about 20 microns. The damage to the «i„ue appears to be the combined result of both the 
heat.ng effect of the hot carbon particle, and oil and some mechanical damage due ,o the kinetic 
energy of the panicle, and fragment,. 

Results 

We have had excellent results with our human ten,. In an early experiment with (hi, improved 
process on my own leg essentially .11 hair was removed and after 18 months there has been no 
s.gn.ficant regrow.h. Our clinical trials with facial hair have been on-going for 13 weeks We 
have been very conservative in the application of the laser beam, but the results are verv good 
No „gn.ficam short tern, injury to the skin has been observed (only minor redness and in a very 
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lew cases some very minor bleeding). No long icrm injury has been observed. Hair removol 
success ratio in the treated area has ranged from about 0% to about 90<* with the average being 
about 60?i*. 



While the above description contains many specifics embodiments, the reader should not 
construe these as limitations on the scope of the invention, but merely as exemplifications of 
preferred embodiments thereof. For example many other small particles other than panicles of 
graphite fragment when illuminated with these very short laser pulses. For example, small iron 
particles seem to behove similar to the carbon particles, Mony liquids other than mineral oil 
could be used to help infiltrate the particles into the hair ducts. Many other oils work very well 
and other liquids even water could be used but the results with water are not ncarl> as good as 
with the oils. We have explored the various methods of cooling the skin prior to and during the 
process to reduce the minor heating effect of the skin. The laser can be applied at many different 
angles as meosured from the angle of the hair duct. Those skilled in the art will envision many 
other possible variations that are within its scope. Accordingly the reader is requested to 
determine the scope of the invention by the appended claims and their legal equivalents, and not 
by the examples that have been given. 
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The embodiment*) of the Invention in which an exclusive property or 
privilcqo is claimed are defined as followoi 



I. A process for (he permanent destruction of a plurality of hair growing in hair duct* on a 
section of human skin comprising the steps of: 

(a) applying to said hairs and skin section a contaminant comprising a very large number 
of small panicles having a high absorption at at least^frcquency band of light, said 
application being performed in a manner so as to assure that at least a ponion of said 
contaminant infiltrates into said hair ducts, 

(b) illuminating said skin section with a plurality of short pulses of light at said at least one 
frequency band, the first of said short pulses having sufficient energy to cause a la/ge 
number of said particles to explode into two or more fragments so as to spread said 
contaminant in said hair ducu and subsequent pulses having sufficient energy to cause 
a large number of said fragments to funhcr explode into additional fragments to further 
spread said contaminant in said hair duct, said explosions and energy transferred to and 
from said particles and fragments causing damage to skin tissue surrounding said hair 
ducts so as to cause death to the hairs growing in said ducu. 

2. A process as in Claim I wherein said short pulses of light are provided by a Nd; YAG laser 
operating at a wave length of about 1.06 microns. 

3. A process as in Claim I wherein a large portion of said small panicles are small enough to 
penetrate said hair duct but larger than I micron. 

4. A process is in Claim I wherein a large ponion of said small particles are small enough to 
penetrate said hair duct but larger than 0.3 micron. 

5. A process as in Claim I wherein said illumination steps ire continued with additional pulses 
until substantially all of the small particles have been exploded and fragments of 'he small 
particles have been exploded to produce smaller fragments and the smaller fragments have 
been exploded to produce even smaller fragments and so on until substantially all of the 
fragments remaining in the hair ducts are smaller than 0.1 micron. 

6. A process as in Claim 5 wherein said illumination steps ore continued until substantially all 
the fragments ore smaller than 0.05 microns. 

10 
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7. A process as in Claim I wherein said particlcr. arc graphiie panicles. 

8. A process as in Claim 1 wheiein said contaminant is applied in such a manner as to leave a 
thin film of contaminant on the surface of the skin section prior to illumination with said 
first pulse, said first pulse having sufficient energy to \plode a substantial number of the 
particles in said thin film so as to define a footprint of md first pulse. 

9. A process as in Clai 1 wherein said short pulses measured at one half maximum power uf 
the pulses is no longer than 50 nano seconds. 

10. A process for the permanent destruction of a plurality of hair growing in hair ducts on a 
section of human skin comprising the steps of: 

(a) applying to said hairs and skin section a contaminant comprising a very large number 
of small graphiie particles, said application being performed in a manner so asto 
assure that at least a portion of said contaminant infiltrates into said hair ducts, 

(b) illuminating said skin section with a plurality of short pulses of light which in reality 
absorbed in graphite the first of said short pulses having sufficient energy to cause a 
large number of said graphite panicles to explode into two or more fragments so as to 
spread said contaminant in .said hair ducts and subsequent pulses having sufficient 
energy to cause a large number of said fragments to further explode into additional 
fragments to further spread said contaminant in said hair ducts, said explosions and 
energy transferred from said panicles and fragments causing damage to skin tissue 
surrounding said hair ducts so as to cause death to the hairs growing in said ducts. 

11. A process as in Claim 10 wherein said shon pulses of light are provided by a Nd:YAG laser 
operating at a wave length of about 1.06 microns. 

12. A process as in Claim 1 1 wherein a large portion of said smoJI panicles axe small enough to 
penetrate said hair duct but larger than I micron. 

13. A process as in Claim 1 1 wherein a large portion of said small panicles ore small enough to 
penetrate said hair duct but larger than 0.5 micron. 
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14. ,\ proce?. as in C!;um 1 1 whciein said illuminacion steps are continued with additional 
pul.scs until substantially all of the small particles have been exploded and fragments of the 
small particles have been exploded to produce smaller fragments and the smaller fragments 
have been exploded to produce even smaller fragments and so on until substantially oil of 
the fragmcnis remaining in the hair ducts arc smaller than 0. 1 micron. 

15. A process as in Claim 1 1 wherein said contaminant is applied in such a manner as to leav* a 
thin film of contaminant on the surface of the skin section prior to illumination with said 
first pulse, said first pulse having sufficient energy to explode a substantial number of the 
panicles in said thin film so as to define a footprint of said first pulse. 

I ft. A process as in Claim 15 wherein said illumination steps are continued until substantially ail 
the fragments are smaller than 0.05 microns. 

1 7. A process as in Claim 1 1 wherein said short pulses measured at one half maximum power of 
the pulses is no longer than 30 nano seconds. 

18, A kit comprising a laser and a container containing a mixture of 
carbon or iron particles and oil. 
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FIG. 2D 
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